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(54) Photodynamic therapy balloon catheter with microporous membrane 



(57) A photodynamic therapy balloon catheter with 
microporous membrane is provided which has an elon- 
gated optical fiber, an inner tubular member a porous 
balloon member surrounding the inner tubular member, 
and fluid material provided between the inner tubular 
member and the porous balloon member. The porous 
balloon member having a plurality of holes of a size to 
permit medication delivered through a lumen to pass 



outwardly through the holes. The balloon carries on an 
outer surface a substantially hydrophilic, tubular micro- 
porous membrane covering the holes, to break up 
streams of flowing medication. Light-reflective material 
is included in any one or a plurality of the inner member, 
fluid material, porous balloon member, and microporous 
membrane in any combination to provide a uniform light 
illumination for activating treatment fluids located on an 
elongated treatment site within a living body. 
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Description 

BACKGROUN D AND SUMMapv n F THE 
INVENTION - 

^ e P ? Sent inVen,i0n 9eneral| y relates 'o medical 
catheters lor activation of treatment fluids or medica- 
ments at treatment sites within a living body More oar- 

baHoon catheters which have optical features which 
mere uniformly apply light energy in activating the treat- 
ment fluid at an in vivo treatment location 

Medicaments can be administered to living bodies 

tratL °' aPPr ° aCheS - inC,Udin 9 to P toal ti- 
tration, intravenous administration, injection into body 

fssue via hypodermic needles and the like, and oraS 

bZl ?T C ' °' ' he medica ™t with areas of the 
body other han the speeffle area targeted for treatment 

<Z ' SUCh 30 appr0ach reduces «» dilution et- 

Inh^'l 9 10 diS,ribU ' e me ™* a ™n. to portions 
of the body mat do not require the treatment. Direct de- 

Irvery to the target sitealsominimizesthechance of side 
effects by restricting the drug administration to the pre- 

areatrhrr 6 ! 0 ' ,rea,mem ,n ° ,her '"^ces the 
ZZ ,? 1 ,S n0t feadily acc «sible in the ab- 
JZ ^ * ,nVasive su '^ry. such as when it is de- 
sired to treat the interior of a blood vessel or other body 
vessel or cavity. ' 

, ^ ' he vears ' Pno'odynamic catheters have been 
developed ,n orderto provide for the activation of treat- 
mentfluids, medication, pharmaceuticals, drugs or oth- 
er medjeaments at a tocalized site. These are photody- 
namic components, and they do not become fully acti- 
vated until they are il.uminated with a prescriX Jgh 

v«°TiM " lu ™«tion must be of the inskle of the 

Sell T be,n9 treat6d ^ P"°«odynamic 
catheters have been proposed 

tion ^ d ^ tha,haSbeenencounteredin sec- 
tion wrth photodynamic catheters for delivering the 
needed lumination is the lack of uniformity of light illu- 

1^? 3C,iVa,in9 *» ,reatmen, ""ids. In many 
photodynamiccathetersjightisprovided through an op- 
tica fiber to the distal end of the catheter. TypLfy th* 

beam* " " 3 W 

beams, wh«h can cause 'hot spots" in the bloodvessel 

or other internal organs. The "ho. spots' typically resuN 
•n uneven activation of the treatment fluid 

PartiCUbrly ' P hotod y™™ catheters can uti- 

site where the treatment fluid has been infused. A sub- 
stantial shortcoming of these types of catheters can be 
the uneven illumination of the treatment fluid. As the 
Pto^amiccatheteris insertedthroughthe bodyand 
posHioned adjacent to the treatment site, the optical fib- 
er transmits and provides a narrow beam of light at the 
treatment site through its distal tip. Since an opflcaXr 
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-ts length to its tip section. As the narrow beam of liqht 
emanates from the tip section of the optical fiber i. is 

5 Z r ,t,h? nCen ' rated 3nd lon # u *e«y Erected. Since 
Ll 9 !T a,eS ' rOTthe,i P° ,,heo P tica| fiberandis 

EE?"? c,ed ' rt does not radia,e efficien,| y f " a 

w p^n ^ re ° Ver ' ShC8 me ,ip of ,he °P ,ical <*>er has a light 

,!Zf 7 Whfch iS fela,ive, y short in the longi- 

tudina direct™. ,t does not illuminate simultaneously 
£e entire surface area of the treatment fluid along the 
length of an elongated treatment location. As a result 

« Zll nt T'°? S0,thesurface °»«hetreatmentf.uidcan 
be illuminated for different lengths of time, caushg non- 
uniform activation of the photodynamic treatment fluid 

dresfth k aPPr03Ch M °° M be ^ to ad- 
dress this problem is to maneuver the photodynamfc 

I T, „ < : ea ' ment ,0Ca,i ° n ' With a cons,a nt speed 
so Jia, aH of the photodynamic treatment fluid is illumi- 

a^ounTo]r^ amOUn,0fli9h,ener 9 yar1dforasa ^ 
amoun, of „ prov|djng fl ^ ^ ^ 

Uu .entire surface of the treatment fluid. Such a maneu- 

S/ eq H , ? men ' b6COmeS an additional variable 
which can detrimentally affect the reliability of the pho- 
todynamic catheterization procedure 

In accordance with this invention a balloon catheter 
is provided which has a catheter shaft assembly havi g 

^"-^erandatleastoneballooncarriedonthe 
shaft assembV and over the inner member. An optical 
Jber is positioned inside the inner member. A lumen 

rln , aSS r b ' y com ™ nica 'es between a space lo- 
cated within the balloon and a proximal end portion of 

22 a " aS f ^Provkfesforthedelrve^of med 
ication and flu.d material. The balloon has a plurality of 

thrSoMh r °' 8 ^ ,0 Permit ^tion de^ed 
through the lumen to pass outwardly through the holes. 

40 1 1 *Z ^ a ' S ° haS m ou,er surfac * ^ich outer sur- 
Sou, I UDUlar ' Subs,anto "y nydrophilic, micro- 
porous membrane covering the holes of the balloon to 
break up streams of flowing medication. MoreovT'r£ 
fleece material can be included in any one or a plurality 

« Z£ ZT mbBr - P ° r0US ba " 00n member ' fluid ma" 
^addSm ° P0,DUS membrane in anv c °meination. 
^addmg the reflectrve material in these different com- 

light Hlummation for activating any of various photody- 
namic medicaments and the like 

50 sir JH aCCOfd f W " h ,he present inven,io ". the unde- 
s, ab e aspects of -hot spots' and non-uniform light i..u- 
™a.,on of the treatment flukf is substantfelty ellminat- 
f mntf h 6 ?* °' the f « "«'ds 

SS InZT^* thr ° U9h ' h9 ,rea,menl te "9th 

achieved by the present invention. 

ir thi" SUm HT- Pr8Sem inVen,ion is a Pnotodynam- 
« me apy balloon catheter and procedure, wherein the 
catheter includes an optical fiber having an elongated 
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light-emanating section cylindrically surrounded by a 
light-passing inner tubular member, a light-passing fluid 
material, a light-passing inflatable porous balloon mem- 
ber and a microporous membrane, and wherein at least 
one of the inner tubular member, fluid material, balloon s 
member and/or microporous membrane includes light- 
reflection material which upon light emanating from the 
elongated light source of the optical fiber, provides a uni- 
form illumination for activating treatment of photody- 
namic fluids delivered at blood vessel walls or other in- io 
ternal organs through the porous balloon and micropo- 
rous membrane. 

It is a genera! object of the present invention to pro- 
vide an improved photodynamic therapy balloon cathe- 
ter and method of using same. is 

Another object of the present invention is to provide 
an improved photodynamic therapy balloon catheter 
that carries out localized treatment of internal body tis- 
sues. 

Another object of this invention is to provide an im- 20 
proved photodynamic therapy balloon catheter which 
delivers photodynamic treatment fluids and uses uni- 
form light to illuminate the treatment fluids thus delivered 
to the blood vessel or other internal organs. 

Another object of the present invention is to provide 2s 
an improved photodynamic therapy balloon catheter 
and procedure using optical principles to provide uni- 
form light energy to treatment fluids at locations within 
the living body that are accessible through catheteriza- 
tion procedures. 30 

Another object of the present invention is to provide 
an improved catheter and procedure which carries out 
localized treatment of internal body tissue, such as re- 
stenosis reduction and the treatment of cancers by lo- 
calized activation of the treatment fluids at a tumor lo- 35 
cation for example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be further elucidated in the follow- 40 
ing description with reference to the drawings in which: 

Fig. 1 is an elevational view, partially broken away, 
of a preferred photodynamic balloon therapy cath- 
eter in accordance with the present invention; 45 
Fig. 2 is a detailed view shown in cross-section of 
the first embodiment of the catheter of this inven- 
tion, illustrating the distal portion of the catheter 
shown in FIG. 1 , located within a body vessel; 
Fig. 3 is a detailed view shown in cross-section of so 
the second embodiment of the catheter of this in- 
vention, illustrating the distal portion of the catheter 
shown in FIG. 1 , located within a body vessel; 
Fig. 4 is a detailed view shown in cross-section of 
the third embodiment of the catheter of this inven- ss 
tion, illustrating the distal portion of the catheter 
shown in FIG. 1 , located within a body vessel; and 
Fig. 5 is a detailed view shown in cross-section of 



the fourth embodiment of the catheter of this inven- 
tion, illustrating the distal portion of the catheter 
shown in FIG. 1, located within a body vessel. 

DESCRIPTION OF THE PARTICULAR 
EMBODIMENTS 

A photodynamic therapy balloon catheter, generally 
designated as 11, is generally illustrated in FIG. 1. The 
catheter includes a multilumen catheter tube 1 2, a prox- 
imal portion, generally designated as 1 3, and a distal 
portion generally designated as 14. Also included is a 
light transmission system including a light source 15. 

As shown in Fig. 2 : distal portion 14 includes an op- 
tical fiber 16. The optical fiber 16 is positioned interior 
to an inner tubular member 17. The inner member 17 is 
generally light-passing or optically clear. Typically, inner 
member 17 will be made of a biocompatible polymer. 
Examples include polyamides, polyurethanes, polyes- 
ters, polyolefins and the like. More specif ic examples in- 
clude nylons, polyethylene, and the like. Suitable nylons 
include nylon 12, nylon 11, other nylon homopolymers 
and copolymers with other components. Grilamid 
(trademark) nylons are specific examples. 

The inner member 17 is cylindrically surrounded by 
a generally light-passing inflatable porous balloon mem- 
ber 18. The porous balloon member 18 is in fluid-pass- 
ing communication with a lumen within the catheter 
tube. The porous balloon member 18 is also made of a 
biocompatible polymer, and typically can be made of 
polymers of the type used in manufacturing the inner 
member 17. 

A microporous membrane 30 cylindrically sur- 
rounds the outer surface of the porous balloon member 
18. It will be appreciated that, with the porous balloon 
member 18 inflated as illustrated in Fig. 5, an annular 
chamber 21 is defined between the inner member 17 
and the porous balloon member 18. A photodynamic 
treatment fluid 23, with the aid of fluid injector assembly 
19 passes through the lumen, and enters the annular 
chamber 21 causing porous balloon member 1 8 and the 
microporous membrane 30 to inflate so that the micro- 
porous membrane 30 contacts the vessel wall 27. The 
treatment fluid 23 passes through the holes 31 of the 
porous balloon member 18 and the micropores of the 
microporous membrane 30, and infuses into the dis- 
eased area 22. 

Typically, subsequent to the passing of the treat- 
ment fluid 23 into the annular chamber 21 and its infu- 
sion into the diseased area 22, the annular chamber 21 
is filled with generally light passing or optically clear fluid 
material 20 such as saline solution or water. In any 
event, once the treatment fluid is infused into or about 
the diseased area, it is then illuminated with light. Upon 
illumination of the photodynamic treatment fluid, it is ac- 
tivated so that it would provide an optimal effect on treat- 
ing the diseased area. 

Preferably, the substantially hydrophilic, micropo- 
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rous membrane is the outermost member of the balloon 
catheter, surrounding the single balloon. The balloon 
defines a generally cylindrical portion. The tubular, mi- 
croporous membrane is preferably carried by the cylin- 
drical portion of the balloon. 

It is generally preferred for the micropores of the 
membrane to be smaller and more numerous than the 
holes of the balloon. For example, the micropores of the 
membrane may be essentially from 0.4 to 3 microns in 
diameter, while the holes of the balloon are typically from 
5 to 100 microns in diameter. Also, the typical number 
of the micropores per square centimeter of membrane 
may be from about one hundred thousand to five hun- 
dred million, while the number of the holes in the balloon 
may be essentially from twenty to one thousand. Also, 
the microporous membrane may be coated with a hy- 
drophilic agent such as polyvinylpyrrolidone to improve 
the penetrability of medications through the micropores 
of the microporous membrane. 

The microporous membrane may, for example, be 
a polycarbonate membrane manufactured by The Po- 
retics Company specifically their TRACK-ETCH PCTE 
membrane filters, which are manufactured by exposing 
thin polycarbonate film to collimated, charged particles 
in a nuclear reactor. Then, the tracks left by the particles 
are preferentially etched to form uniform, cylindrical 
pores of predetermined pore size. 

Specifically, one suitable hydrophilic, microporous 
membrane is a TRACK-ETCH PCTE membrane having 
a pore size of about 0.8 micron and a pore density of 
about thirty million pores per square centimeter. Such a 
membrane weighs about t milligram per square centim- 
eter, having a thickness of about 9 microns and a water 
bubble point of about 18 p.s.i. Typically flow rates of wa- 
ter through such a membrane are about 215 ml. per 
minute per cm 2 , using prefiltered water at 10 p.s.i. The 
above data comes from the manufacturer of the poly- 
carbonate screen membrane. 

The catheter of this invention may be a standard 
catheter for intravenous usage such as a PTCA dilata- 
tion catheter of low profile, in which the balloon has been 
perforated with holes having a diameter of approximate- 
ly 20 to 30 microns (nominally 25 microns). In one em- 
bodiment, 64 of such 25 micron holes are present in a 
balloon catheter which is about 20 millimeters in length 
and having a diameter of, typically, 2 to 4 millimeters 
(inflated). Such a balloon may be carried upon an oth- 
erwise conventional PTCA catheter having a useable 
length of 135 cm., and a catheter shaft diameter of 4.0 
French or smaller. A guide wire may be used having a 
diameter of 0.018 millimeter, and the tip length of the 
catheter may be about 0.2 inch. The balloon may be 
made of 75 Shore D nylon. 

According to the present invention, in order to acti- 
vate a photodynamic treatment fluid 23, (discussed in 
greater detail herein) more effectively, it must be illumi- 
nated more evenly and uniformly. To uniformly and effi- 
ciently illuminate the photodynamic treatment fluid 23, 



cladding material 24 on the optical fiber 1 6 is removed 
at its distal portion, exposing an optical fiber core 26. By 
removing cladding material 24, an elongated light ema- 
nating area 28 is provided. The length of area 28 ap- 

s proximates the working length 29 of balloon member 1 8. 
The illuminating light from the elongated light-emanat- 
ing area 28 radiates in a perpendicular or radial direction 
in relation to the longitudinal axis of the optical fiber core 
26. This perpendicular or radial radiation of the illumi- 

10 nating light provides a cylindrical illumination pattern ex- 
tending over the working area 29 of the balloon and the 
entire surface area of the treatment fluid 23, including 
its entire longitudinal extent. 

Furthermore, in order to achieve an even more uni- 

15 formly lit area, the optical fiber core 26 can be tapered 
such that it has a reducing thickness in the distal direc- 
tion. Alternatively, any cladding remaining in the elon- 
gated area 28 could be tapered in the same direction. 
A gradient reduction in the thickness of the optical fiber 

20 component provides for the light which emanates along 
the length of the elongated light-emanating area 28 to 
illuminate with a higher degree of uniformity. The inten- 
sity of the light energy present in the optical fiber core 
26 decreases in the distal direction, due to the greater 

25 longitudinal distance through which the light must pass 
at the more distal portions of the optical fiber. By the 
tapering effect and the reduction in the thickness in the 
distal direction, the more distal portions have a shorter 
radial distance through which to pass. Thus, the greater 

30 longitudinal distances are combined with the shorter ra- 
dial distances, and vice versa, to achieve a total light 
path (longitudinal plus radial) which is about the same 
throughout the light-emanating area, which allows the 
light energy emanating from the core 26 to be more uni- 

35 form. 

When included, the tapering of the optical fiber com- 
ponent can be effected through chemical etching or 
physical abrasion. It is further understood that the phys- 
ical abrasion can be accomplished by using a gritty sur- 

40 face such as sand paper to longitudinally abrade the sur- 
face of the optical fiber component whether such is car- 
ried out in a distally tapering or a right-cylindrical pattern. 

To further achieve a greater degree of light illumi- 
nation uniformity, in accordance with the invention, high- 

45 |y reflective material or particles 25a, 25b, 25c, 25d re- 
spectively, are compounded with the inner member 17, 
fluid material 20, porous balloon member 18, and/or mi- 
croporous membrane 30. As the light encounters the 
highly reflective material 25a-25d, it reflects in different 

50 directions producing a uniform glow. This addition of the 
highly reflective particles results in a scattering and dis- 
persing of the light, thereby uniformly lighting the cylin- 
drical elongated light- emanating area 28. 

In the first embodiment as illustrated in Fig. 2, re- 

55 flective material 25a is in the form of particles com- 
pounded with the inner tubular member 17 such that 
light passing through the inner tubular member will be 
reflected by the reflective particles 25a. Either these par- 
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tides can be loaded into the polymer such as at extru- 
sion of the inner member 1 7, or they can be coated onto 
one or both of the surfaces of the tubular member. Suit- 
able reflective material includes titanium dioxide (Ti0 2 ) 
and silver, with titanium dioxide being preferred. The 
presence of the reflective material causes the light em- 
anating from the optical fiber to reflect and disperse at 
least along the entire length of the light-emanating area 
28, producing a uniform cylindrically-shaped ring of illu- 
mination that delivers the light energy uniformly along 
the length of the vessel or the like at which the photo- 
dynamic treatment fluid is located. The uniform light has 
the desirable effect of eliminating light energy "hot 
spots - and uneven activation of the treatment fluid. 

The second embodiment of the present invention, 
illustrated in Fig. 3, calls for the presence of the reflec- 
tive material 25b in the fluid material 20. Reflective ma- 
terial 25b is in the form of particulates suspended within 
the fluid material 20, resulting in the reflection off of 
these particles of the light emanating from the optical 
fiber 1 6. It will be noted that the thus reflective fluid filled 
within the annular chamber 21 fully surrounds the light- 
emanating area and provides a depth of reflective par- 
ticles in the fluid through which the light must pass along 
its path to the balloon 18 and hence to the vessel wall. 
Reflection off the particles and the resulting light disper- 
sion produces a uniform light having the previously men- 
tioned desirable effects of eliminating the uneven acti- 
vation of the treatment fluid which is generally along the 
outside surface of the balloon member 18. 

The third embodiment, illustrated in Fig. 4, is gen- 
erally simitar to that of Fig. 2. In this embodiment the 
reflective material 25c is in the nature of highly reflective 
particles compounded with the material of the porous 
balloon member 18, for example either coated on the 
porous balloon member 18 or loaded into the polymer 
out of which the porous balloon member 18 is construct- 
ed. It will be appreciated that the loading is accom- 
plished during the extrusion of the parison from which 
porous balloon member 1 8 is subsequently formed. The 
presence of the reflective material produces a reflecting 
and scattering effect. The inner tubular member 17 and 
the fluid material 20 in this embodiment are light-passing 
in order to allow light transmission from the optical fiber 
16. As the light encounters the porous balloon member 
18, the reflective particles 25c integrate the light along 
at least the treatment length and transmit a portion of 
the light energy to the vessel wall to be treated. This 
allows the light to be more uniform and even as it is 
transmitted through the porous balloon member 1 8 wall 
creating an even distribution of light energy to activate 
the treatment fluid 23 (photodynamic substance) al- 
ready infused in or otherwise dispersed to the vessel 
wall, especially to the diseased area 22. 

A fourth embodiment is illustrated in Fig. 5. In this 
embodiment the reflective material 25d is in the nature 
of highly reflective particles compounded with the ma- 
terial of the microporous membrane 30, for example ei- 



ther coated on the surface of the microporous mem- 
brane 30 or loaded into the polymer out of which the 
microporous membrane 30 is constructed. The highly 
reflective material 25d can be titanium dioxide (Ti0 2 ), 
5 silver (Ag), aluminum (Al), or aluminum dioxide (AI0 2 ). 
In this embodiment the preferred reflective material is 
aluminum dioxide. It will be appreciated that the loading 
is accomplished during the extrusion of the parison from 
which microporous membrane 30 is subsequently 

10 formed. The presence of the reflective material produc- 
es a reflecting and scattering effect. The inner tubular 
member 1 7, the fluid material 20, and the porous balloon 
member 18 in this embodiment are light-passing in order 
to allow light transmission from the optical fiber 16. As 

?5 the light encounters the microporous membrane 30, the 
reflective particles 25d integrate the light along at least 
the treatment length and transmit a portion of the light 
energy to the vessel wall to be treated. This albws the 
light to be more uniform as it is transmitted through the 

20 microporous membrane 30 creating an even distribution 
of light energy to activate the treatment fluid 23 (photo- 
dynamic substance) already infused in or otherwise dis- 
persed to the vessel wall. 

Moreover, the density and the size of the micropo- 

25 res on the microporous membrane 30 determine the 
amount of the light energy transmitted or integrated be- 
fore the illumination of the treatment fluid 23. When the 
reflective particles are compounded with the polymer 
out of which the inner tubular member, the balloon mem- 

30 ber, and/or microporous membrane are constructed, the 
amount of loading can be between about 5 and about 
40 weight percent reflective material based on the total 
weight of the polymer. It is preferred that this ratio be in 
the range of about 10 to about 40 weight percent, most 

35 preferably between about 25 to about 35 percent by 
weight of the total weight of the polymer. An alternative 
approach for compounding the porous balloon member 
18, inner member 17, or the microporous membrane 30 
with reflective particles includes coextruding or other- 

40 wise positioning a layer of highly reflective material or 
particles between two layers of polymer. It has been not- 
ed that 90% light illumination uniformity can be achieved 
when compounding the fluid material 20, porous balloon 
member 18, and/or microporous membrane 30 with re- 

45 fiective material 25b, 25c, and 25d, respectively. 

With more particular reference to the light dissipa- 
tion achieved, especially in the third and fourth embod- 
iments, light is integrated before it emanates from the 
porous balloon member 18 or microporous membrane 

50 30 into the vessel wall. By rendering the porous balloon 
member 18 or microporous membrane 30 material 
semi-reflective and semi-transparent, one can achieve 
more uniformity along the cylindrical surface of the po- 
rous balloon member 18 or microporous membrane 30, 

55 thereby optimizing the delivery of light to the treatment 
fluid 23 which has been absorbed into the vessel wall to 
be treated. The microporous membrane 30 is a biocom- 
patible polymer. The microporous membrane 30 is 
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made of a biocompatible polymer, and typically can be 
made of polymers of the type used in manufacturing the 
inner member 17. Here, the preferred material for the 
microporous membrane 30 is aluminized polyethylene 
terephthalate. 

In the above embodiments, coating of the inner 
member 17, porous balloon member 18 or microporous 
membrane 30 can be achieved by known methods such 
as evaporation, sputtering, or ion bombardment of the 
reflective material. Such coating can be on the inside, 
the outside or both the inside and outside of the inner 
member 17, porous balloon member 18, or microporous 
membrane 30. 

In the present invention the reflective material can 
be included in any one or a plurality of the inner member 
17, porous balloon member 18, fluid material 20 and mi- 
croporous membrane 30 in any combination. By adding 
the reflective material in these different combinations, it 
is possible to tailor the reflectivity and uniformity of light 
illumination to fit a particular need or a criterion for acti- 
vating any of various photodynamic medicaments and 
the like. 

It will be understood that the embodiments of the 
present invention which have been described are illus- 
trative of some of applications of the principles of the 
present invention. Various modifications may be made 
by those skilled in the art without departing from the true 
spirit and scope of the invention. 



Claims 



member cylindrical surrounding said inner tu- 
bular member and extending longitudinally with 
respect to said inner tubular member; 
a light source communicating with said optical 
fiber to deliver light energy to said light energy 
emanating section; and 
a light-passing microporous membrane mem- 
ber having a plurality of micropores to permit 
treatment fluid to pass through said inner po- 
rous membrane and positioned over the outer 
surface of said inflatable porous balloon mem- 
ber; and 

at least one of said inner tubular member, said 
porous balloon member, and said microporous 
membrane member includes light-reflective 
material which upon light emanating through 
the light energy emanating section, reflects 
said light energy and activates photodynamic 
treatment fluid at a location within a Irving body. 

2. The photodynamic therapy balbon catheter of 
claim 1, wherein said light-reflective material is 
present in a quantity so as to disperse the light en- 
ergy and produce a uniform illumination of light. 

3. The photodynamic therapy balloon catheter of 
claim 1 , wherein said generally distal light energy 
emanating section extends longitudinally for a dis- 
tance approximating the length of a cylindrical work- 
ing surface of the balloon member. 

4. The photodynamic catheter of claim 1 , wherein said 
optical fiber is tapered such that same decreases in 
thickness in the distal direction, wherein the liaht 



1. A photodynamic therapy balloon catheter for acti- 
vating treatment fluid at a location within a living 
body, the catheter comprising: 

an elongated tubular catheter assembly having 
a proximal portion which remains outside of the 
Irving body when in use, the catheter assembly 
also having a distal portion which is inserted in- 
to the living body when in use; 
an optical fiber extending along the length of 
said catheter assembly, said optical fiber hav- 
ing a generally distal light energy emanating 
section; 

said elongated tubular catheter assembly hav- 
ing a light-passing inner tubular member cylin- 
drical^ surrounding said optical fiber and ex- 
tending longitudinally along the length of the 
light energy emanating section of said optical 
fiber; 

a light-passing inflatable porous balloon mem- 
ber having a plurality of holes to permit treat- 
ment fluid to pass through said balloon member 
and positioned at said distal portion of the cath- 
eter assembly, said balloon member being in 
fluid-passing communication with said proximal 
portion of the catheter assembly, said balloon 



55 emanating from said light energy emanating section 
of said optical fiber is a uniformly illuminating light. 

5. The photodynamic therapy balbon catheter of 
claim 1 , wherein said inner member is loaded with 

4( > reflective material. 

6. The photodynamic therapy balloon catheter of 
claim 1 , wherein said balloon member is loaded with 
said reflective material. 

45 

7. The photodynamic therapy balloon catheter of 
claim 1 , wherein the balloon member is coextruded 
with reflective material such that said reflective ma- 
terial is positioned between the inner wall and the 

50 outer wall of said balloon member. 

8. The photodynamic therapy balbon catheter of 
claim 1, wherein said light-reflective material is 
Ti0 2 

55 

9. The photodynamic therapy balbon catheter of 
claim 1 , wherein the micropores of said membrane 
are from about 0.4 to about 3 microns in diameter, 
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the holes of said balloon being from about 5 to about 
100 microns in diameter. 

10. The photodynamic therapy balloon catheter of 
claim 1 , wherein the number of said micropores per 
square centimeter of said membrane is between 
about one hundred thousand and about five hun- 
dred million. 
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